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Abstract. We present CCD photometry and proper motion 
studies of the two open star clusters NGC 1960 (M36) and 
NGC 2194. Fitting isochrones to the colour magnitude dia- 
grams, for NGC 1960 we found an age of t = 16 Myr and 
a distance of roughly d = 1300 pc and for NGC 2194 t = 550 
Myr and d = 2900 pc, respectively. We combined member- 
ship determination by proper motions and statistical field star 
subtraction to derive the initial mass function of the clusters 
and found slopes of T = -1.23 ± 0.17 for NGC 1960 and 
T = -1.33 ± 0.29 for NGC 2194. Compared to other IMF 
studies of the intermediate mass range, these values indicate 
shallow mass functions. 

Key words: open clusters and associations: individual: NGC 
1960 (M36), NGC 2194 - astrometry - stars: kinematics - 
Hertzsprung-Russell and C-M diagrams - stars: luminosity 
function, mass function 



1. Introduction 

The shape of the initial mass function (IMF) is an important 
parameter to understand the fragmentation of molecular clouds 
and therefore the formation and development of stellar systems. 
Besides studies of the Solar neighbourhood (Salpeter 1955, 
Tsujimoto et al. 1997), work on star clusters plays a major role 
(Scalo 1986) in this field, as age, metallicity, and distance of all 
stars of a star cluster can generally be assumed to be equal. 

Restricted to certain mass intervals, the IMF can be de- 
scribed by a power law in the form 



found, e.g., in Scalo (1998): 



dlogiV(m) ~ m r dlogm. 



(1) 



In this notation the "classical" value found by Salpeter (|1955J) 
for the Solar neighbourhood is T = —1.35. Average values 
for r from more recent studies, mostly of star clusters, can be 
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r = -1.3 ±0.5 for to>1OM , 

T = -1.7 ± 0.5 for IM Q < m < 10M©, and 

T = -0.2 ± 0.3 for m < 1M Q , 



(2) 



where the "±" values refer to a rough range of the slopes de- 
rived for the corresponding mass intervals, caused by empirical 
uncertainties or probable real IMF variations. 

Knowledge of membership is essential to derive the IMF 
especially of open star clusters, where the contamination of the 
data with field stars presents a major challenge. Two methods 
for field star subtraction are in use nowadays: separating field 
and cluster stars by means of membership probabilities from 
stellar proper motions on one hand, statistical field star subtrac- 
tion on the other hand. Our work combines these two methods: 
The proper motions are investigated for the bright stars of the 
clusters, down to the completeness limit of the photographic 
plates used, whereas the fainter cluster members are selected 
with statistical considerations. 

From the cleaned data we derive the luminosity and mass 
functions of the clusters. Including the proper motions, we ex- 
pect to receive a more reliable IMF, since the small number of 
bright stars in open clusters would lead to higher uncertainties, 
if only statistical field star subtraction were applied. 

This is the second part of a series of studies of open star 



clusters, following Sanner et al. (1999). Here we present data 



on two clusters of the northern hemisphere, NGC 1960 (M 36) 
and NGC 2194. 

NGC 1960 (M36) is located at a 200 o = 5 h 36 m 6 s , <5 2 ooo = 
+34°8' and has a diameter of d = 10' according to the Lynga 



( 1987) catalogue. Morphologically, NGC 1960 is dominated by 



a number of bright (V <; 11 mag) stars, whereas the total stel- 
lar density is only marginally enhanced compared to the sur- 
rounding field. The cluster has not yet been studied by means 
of CCD photometry. Photographic photometry was published 
by Barkhatova et al. (1985), photoelectric photometry of 50 



stars in the region of the cluster by Johnson & Morgan (1953). 
The most recent proper motion studies are from Meurers ( 1958j ) 
and Chian & Zhu (1966). As their epoch differences between 



first and second epoch plates (36 and 51 years, respectively) 
are smaller than ours and today's measuring techniques can be 
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Table 1. Typical photometric errors for stars in different mag 
nitude ranges 



magnitude 


AV 


A(B ~ V) 


range 


[mag] 


[mag] 


V< 12 mag 


0.01 


0.01 


12 mag <V< 16 mag 


0.02 


0.04 


16 mag <V 


0.04 


0.08 



assumed to be more precise we are confident to gain more reli- 
able results. 



Tarrab (1982 ) published an IMF study of 75 open star clus- 
ters, among them NGC 1960, and found an exteme value for 
the slope of (in our notation) T — —0.24 ± 0.05 for this 
object. Her work includes only 25 stars in the mass range 
3.5Af <, m <, 9M Q , so that a more detailed study covering 
more members and reaching towards smaller masses is neces- 
sary. 

For NGC 2194 (located at a 20 oo = 6 h 13 m 48 s , 6 2 ooo = 
+ 12°48', diameter d = 9'), our work is the first proper mo- 



tion study according to van Leeuwen (1985). The RGU photo 



graphic photometry of del Rio (1980) is the most recent publi 



cation on NGC 2194 including photometric work. 

The cluster is easily detectable as it contains numerous in- 
termediate magnitude (13 mag ^ V Si 15 mag) stars, although 
bright stars V S5 10 mag are lacking. 

In Sect. |2| we present the data used for our studies and the 
basic steps of data reduction and analysis. Sects. |] and |] in- 
clude the proper motion studies, an analysis of the colour mag- 
nitude diagrams (CMDs), and determination of the IMF of the 
clusters. We conclude with a summary and discussion in Sect. 



2. The data and data reduction 

2.1. Photometry 

CCD images of both clusters were taken with the 1 .23 m tele- 
scope at Calar Alto Observatory on October 15, 1998, in photo- 
metric conditions. The seeing was of the order of 3". The tele- 
scope was equipped with the 1024 x 1024 pix CCD chip TEK 
7_12 with a pixel size of 24 umx 24 /im and the WWFPP focal 
reducing system (Reif et al. 1995). This leads to a resolution of 



1.0" pix 1 and a field of view of 17' x 17'. Both clusters were 
observed in Johnson B and V filters, the exposure times were 
1 s, 10 s, and 600 s in V, and 2 s, 20 s, and 900 s in B. Figs. 
and H show CCD images of both clusters. 

The data were reduced with the DAOPHOT II software 



(Stetson |1991[ ) running under IRAF. From the resulting files, 
we deleted all objects showing too high photometric errors as 
well as sharpness and \ values. The limits were chosen individ- 
ually for each image, typical values are 0.03 mag to 0.05 mag 
for the magnitudes, ±0.5 to 1 for sharpness, and 2 to 4 for \- 

Resulting photometric errors of the calibrated magnitudes 
in different V ranges valid for both clusters as given by the PSF 
fitting routine are given in Table [[} 
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Fig. 1. 600 s V CCD image of NGC 1960. The field of view is 
approximately 14' x 14', north is up, east to the left 



* ' .4 ■ ' . • ■ 




Fig. 2. 600 s V CCD image of NGC 2194. As in Fig. [| the 
field of view is approximately 14' x 14' with north up and east 
to the left 



The data were calibrated using 44 additional observations 



of a total of 27 Landolt (1992) standard stars. After correct 



ing the instrumental magnitudes for atmospheric extinction and 
to exposure times of 1 s, we used the following equations for 
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transformation from instrumental to apparent magnitudes: 

v - V = z v - c v ■ (B - V) (3) 
(b — v) — (B — V) = zb-v - c B -v -(B-V) (4) 

where capital letters represent apparent and lower case letters 
(corrected as described above) instrumental magnitudes. The 
extinction coefficients ky and ks-v, zero points zy and Zb-v 
as well as the colour terms cy and cb-v were determined with 
the IRAF routine f itparams as: 



k v = 0.14 ±0.02, k B -v = 0.19 ±0.03 
z v = 2.52 ±0.04, z B -v = 0.88 ± 0.04 
c v = 0.09 ±0.01, cb-v =0.19 ±0.01. 



(5) 



We checked the quality of these parameters by reproducing the 
apparent magnitudes of the standard stars from the measure- 
ments. The standard deviations derived were cry = 0.02 mag 
and <tb-v = 0.06 mag. 



Johnson & Morgan (1953) published photoelectic photom- 
etry of 50 stars in the region of NGC 1960. Their results coin- 
cide with ours with a standard deviation of approx. 0.03 mag 
in V and 0.02 mag in B — V , resp ectively. There is only one 
exception, star 110 (Boden's (1951 1 star No. 46) for which we 
found V = 14.25 mag, B — V — 0.66 mag, which differs 
by AV « 2 mag an d AB — V ks 0.3 mag from the value of 
Johnson & Morgan ( 1953 ). In their photographic photometry, 
Barkhatova et al. (1985) found values for this star which coin- 



cide with ours. We therefore assume the difference most likely 
to be ca used b y a mis-identification of this star by Johnson & 
Morgan ( |1953| ). 

All stars for which B and V magnitudes could be deter- 
mined are listed in Tables | (NGC 1960, 864 stars) and | (NGC 
2194, 2120 stars), respectively. We derived the CMDs of the 
two clusters which are shown in Figs. || and || A detailed dis- 
cussion of the diagrams is given in Sects. [}]and || 

2.2. Actual cluster sizes 

Mass segregation might l ead to a larger "true" cluster size than 
stated, e.g., in the Lynga (1987) catalogue: While the high mass 
stars are concentrated within the inner part of the cluster, the 
lower mass stars might form a corona which can reach as far 
out as the tidal radius of the cluster (see, e.g., the recent work 
of Raboud & Mermilliod 1998). Therefore, the range of the 
cluster stars had to be checked. We applied star counts in con- 
centric rings around the centre of the clusters. 

Star counts in the vicinity of NGC 2194 show no significant 
variations of the stellar density outside a circle with a diameter 
of 10' (corresponding to 8.5 pc at the distance of the object) 
around the centre of the cluster. For NGC 1960, this point is 
more difficult to verify, since its total stellar density is much 
lower than for NGC 2194, so that it is not as easy to see at 
which point a constant level is reached, and on the other hand, 
its smaller distance lets us reach fainter absolute magnitudes 
so that the effect of mass segregation might be more promi- 
nent within the reach of our photometry. However, our tests 
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Fig. 3. Colour magnitude diagram of NGC 1960 and the sur- 
rounding field. This diagram contains all stars for which both B 
and V magnitudes were determined. Stars with too high pho- 
tometric errors were excluded beforehand. This CMD is still 
contaminated with field stars. For a CMD which is field star 
corrected see Fig. [l(] 

Table 2. List of the photometric data of all stars measured in 
the CCD field of NGC 1960. For cross-identification, the star 




numbers of Boden (1951) are given, too. Only the ten brightest 
stars for which both photometry and proper motions were de- 
termined are listed here, the complete table is available online 
at the CDS archive 



No. 


Boden 


X 


y 


V 


B-V 




No. 






[mag] 


[mag] 


1 




432.729 


550.012 


8.83 


+0.03 


2 


23 


349.018 


441.873 


8.91 


+0.02 


3 


138 


157.530 


819.617 


8.95 


+0.05 


4 


101 


124.550 


353.711 


9.05 


+0.11 


5 


61 


245.181 


427.961 


9.07 


+0.03 


8 


27 


291.005 


555.456 


9.52 


+0.06 


9 


48 


524.133 


537.383 


9.52 


+0.08 


10 


21 


372.126 


456.779 


9.72 


+0.06 


11 


38 


339.012 


698.830 


9.88 


+0.08 


12 


184 


774.058 


850.419 


9.94 


+1.02 



provided evidence, too, that the cluster diameter is no larger 
than 12'. It must be stressed that these figures can only provide 
lower limits for the real cluster sizes: Members fainter than the 
limiting magnitude of our photometry might reach further out 
from the centres of the clusters. 
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with 10 fim linear resolution with the Tautenburg Plate Scan- 



1 1.5 
B-V [mag] 

Fig. 4. Colour magnitude diagram of all stars in the field of 
NGC 2194. For further remarks see Fig. ||. The star marked 
with a cr oss is claimed to be a blue straggler by Ahumada & 
Lapasset ( 1995 ). This statement is discussed in Sect. \2. Fig. 
[u] shows the field star corrected CMD of NGC 2194 

Table 3. List of the photometric data of all stars measured in 
the CCD field of NGC 2 1 94. As for Table g only the ten bright- 
est stars for which we derived photometric data and proper mo- 
tions are mentioned here. As a cross reference, the numbers 



from del Rio (198C) are added. The complete table is available 
at the CDS archive 



No. 


del Rio 


X 


V 


V 


B-V 




No. 






[mag] 


[mag] 


1 




591.957 


790.526 


10.26 


+0.66 


2 




1010.094 


706.577 


10.47 


+0.25 


3 




434.371 


282.158 


10.97 


+0.71 


4 


39 


522.864 


581.859 


11.17 


+1.77 


5 




978.803 


947.148 


11.38 


+0.34 


6 




344.500 


740.752 


11.48 


+1.09 


7 


49 


552.482 


537.831 


11.50 


+1.72 


8 




634.918 


899.808 


11.63 


+0.12 


10 


14 


646.659 


554.135 


12.16 


+2.40 


11 




867.565 


756.487 


12.17 


+0.15 



2.3. Proper motions 

For our proper motion studies we used photographic plates 
which were taken with the Bonn Doppelrefraktor, a 30 cm re- 
fractor (/ = 5.1 m, scale: 40'.'44mm~ 1 ) which was located 
in Bonn from 1899 to 1965 and at the Hoher List Observa- 
tory of Bonn University thereafter. The 16 cm x 16 cm plates 
cover a region of 1.6° x 1.6°. They were completely digitized 



ner, TPS (Brunzendorf & Meusinger |1998[ |1999[ ). The posi- 
tions of the objects detected on the photographic plates were 
determined using the software search and prof il provided 



by the Astronomisches Institut Minister (Tucholke 1992). 

In addition, we used the 1 s to 20 s Calar Alto exposures 
to improve data quality and — for NGC 2194 — to extend the 
maximum epoch difference. Furthermore, a total of 16 CCD 
frames of NGC 1960 which were taken with the 1 m Cassegrain 
telescope (//3 with a focal reducing system) of the Hoher List 
Observatory were included in the proper motion study. The lat- 
ter observations cover a circular field of view of 28' in diameter 
which provides a sufficiently large area for the cluster itself and 
the surrounding field. The astrometric properties of this tele- 
scope/CCD camera system were proven to be suitable for this 



kind of work in Sanner et al. (1998 ). The stellar (x, y) positions 
were extracted from the CCD frames with DAOPHOT II rou- 



tines (Stetson 1991 ). A list of the plates and Hoher List CCD 
images included in our study can be found in Table fij 

The fields of the photographic plates contain only a very 
limited number of HIPPARCOS stars (ESA |1997| ), as summa- 
rized in Table ||. Therefore, we decided to use the ACT cata- 
logue (Urban et al. 1998j ) as the basis for the transformation of 
the plate coordinates (x, y) to celestial coordinates (a, S). For 
NGC 2194 this decision is evident, for NGC 1960 we preferred 
the ACT data, too, as the brightest HIPPARCOS stars are over- 
exposed on several plates, thus lowering the accuracy of posi- 
tional measurements: It turned out that only three of the HIP- 
PARCOS stars were measured well enough to properly derive 
their proper motions from our data. The celestial positions of 
the stars were computed usin g an a strometric software package 
developed by Geffert et al. ( 1997 ). We obtained good results 
using quadratic polynomials in x and y for transforming (x, y) 
to (a, S) for the photographic plates and cubic polynomials for 
the CCD images, respectively. 

Initial tests in the fields of both clusters revealed that the 
proper motions computed for some ten ACT stars disagreed 
with the ACT catalogue values. We assume that this is caused 
by the varying accuracy of the Astrographic Catalogue which 
was used as the first epoch material of the ACT proper mo- 
tions or by unresolved binary stars (see Wielen et al. 1999| ). We 
eliminated these stars from our input catalogue. 

The proper motions were computed iteratively from the in- 
dividual positions: Starting with the ACT stars to provide a cal- 
ibration for the absolute proper motions and using the resulting 
data as the input for the following step, we derived a stable so- 
lution after four iterations. Stars with less than two first and 
second epoch positions each or a too high error in the proper 
motions (> 8 mas yr _1 in a or S) were not taken into further 
account. 

To determine the membership probabilities from the proper 
motions, we selected 18' wide areas around the centres of the 
clusters. This dimension well exceeds the proposed diameter of 
both clusters so that we can assume to cover all member stars 
for which proper motions were determined. Furthermore, this 
region covers the entire field of view of the photometric data. 
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Table 4. Photographic plates form the Bonn Doppelrefraktor 
(prefix "R") and CCD frames of the lm Cassegrain telescope 
of the Hoher List Observatory (prefix "hi") used to determine 
the proper motions of the stars in and around NGC 1960 and 
NGC 2 194. For both clusters, the short (i oxp < 20 s)CalarAlto 



CCD photometric data (see Sect. 2.1 were included in the cal- 
culations, too 



cluster 


plate no. 


date 


toxp [min] 


NGC 1960 


R0238 


-) A A 1 IAI/" 

30.01.1916 


20 




R0288 


26.01.1917 


90 




R0365 


r\ i i-vi 1A1A 

21.01.1919 


240 




i iai aao 

hit) 1093 


1 C A 1 1 AA/" 

15.01.1996 


1 




i iai aa c 

M01095 


1 C A 1 1 AA/" 

15.01.1996 


1 






1 C A 1 1 AA/T 

D.ui.iyvo 






liai i aa 
nlUl 1UU 


i r ni i nn/; 
lD.Ul.19yo 


1 




nlUl 1U4 


1 f ni i AA/: 

ID. Ul. 1990 


1 




nlUl 1UD 


k ni i fin/; 
lD.Ul.199o 


1 




nlUlo Id 


no no i nn/; 
Uo.UJ.199o 


1 




uin i ona 

nlUlo /o 


no no i nn/; 
Uo.UJ.199o 


1 




nlUlooU 


no no i nn/; 
Uo.UJ.199o 


1 




LIAI O O 1 

nlUlool 


no no i c\c\c 

08.03.1996 






OO ~J 


08 0^ 1 996 


j 




M01886 


08.03.1996 






M02519 


12.03.1996 






M02520 


12.03.1996 






M02523 


12.03.1996 






M02524 


12.03.1996 






R1902 


15.03.1999 


60 




R1903 


15.03.1999 


60 




R1905 


17.03.1999 


60 


NGC 2194 


R0297 


14.02.1917 


20 




R0333 


14.02.1918 


130 




R0334 


15.02.1918 


60 




R0336 


16.02.1918 


10 




R0337 


16.02.1918 


60 




R1125 


01.11.1972 


35 




R1142 


14.02.1974 


60 




R1144 


17.02.1974 


60 



Table 5. Number of HIPPARCOS and ACT stars inside the 
field of view of the Doppelrefraktor plates used for the proper 
motion studies 



cluster 


HIPPARCOS 


ACT 


NGC 1960 


8 


135 


NGC 2194 


4 


82 



The membership probabilities were computed on the base of 



the proper motions using the method of Sanders (1971): We 
fitted a sharp (for the members) and a wider spread (for the 
field stars) Gaussian distribution to the distribution of the stars 
in the vector point plot diagram and computed the parameters 
of the two distributions with a maximum likelihood method. 
From the values of the distribution at the location of the stars in 
the diagram we derived the membership probabilities. The po- 
sitions of the stars did not play any role in the derivation of the 
membership probabilities. In the following, we assumed stars 



to be cluster members in case their membership probability is 
0.8 or higher. 



2.4. Colour magnitude diagrams 

Before analysing the CMDs in detail, we had to distinguish be- 
tween field and cluster stars to eliminate CMD features which 
may result from the field star population(s). For the stars down 
to V = 14 mag (NGC 1960) and V — 15 mag (NGC 2194) 
we found after cross-identifying the stars in the photometric 
and astrometric measurements that our proper motion study is 
virtually complete. Therefore we used these magnitudes as the 
limits of our membership determination by proper motions. For 
the fainter stars we statistically subtracted the field stars: 

We assumed a circular region with a diameter of 806 pixels 
or 13.'4 to contain all cluster member stars. As seen in Sect. 
[2~2] , this exceeds the diameters of the clusters. The additional 
advantage of this diameter of the "cluster" region is that this cir- 
cle corresponds to exactly half of the area covered by the CCD 
images so that it was not necessary to put different weights on 
the star counts in the inner and outer regions. We compared the 
CMDs of the circular regions containing the clusters with the 
diagrams derived from the rest of the images to determine clus- 
ter CMDs without field stars. The method is described in more 



detail in, e.g., Dieball & Grebel ( |1998[ ). 

We fitted isochrones based on the models of Bono et al. 



( 1997 ) and provided by Cassisi (private communication) to the 
cleaned CMDs. We assumed a Solar metallicity of Z = 0.02 
and varied the distance modulus, reddening, and ages of the 
isochrones. Co mpari son with the is ochro nes of other groups 
(Schaller et al. |1992|, Bertelli et al. |1994[) does not show any 



significant differences in the resulting parameters. 
2.5. Mass function 

For the IMF study it is important to correct the data for the 
incompleteness of our photometry. With artificial star experi- 
ments using the DAOPHOT II routine addstar we computed 
B-magnitude depending completeness factors for both clusters. 
The B photometry was favoured for these experiments since its 
completeness decreases earlier as a consequence of its brighter 
limiting magnitude. According to Sagar & Richtler (1991), the 
final completeness of the photometry after combining the B 
and V data is well represented by the least complete wave- 
length band, hence V completeness was not studied. The re- 
sults, which are approximately the same for both NGC 1960 
and NGC 2194, are plotted in Fig. || The sample is — except 
for a few stars which likely are missing due to crowding ef- 
fects — complete down to B = 19 mag, and for stars with 
B 20 mag, we still found more than 60 % of the objects. 
In general, we found that the completeness in the cluster re- 
gions does not differ from the values in the outer parts of the 
CCD field. We therefore conclude that crowding is not a prob- 
lem for our star counts, even at the faint magnitudes. However, 
crowding may lead to an increase in the photometric errors, es- 
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18 19 
B [mag] 

Fig. 5. Completeness of the 900 s B exposures of NGC 1960 
(solid line) and NGC 2194 (dotted line). Down to B = 20 mag 
both samples are at least 60 % complete. Note that the IMF is 
computed on the base of the V magnitudes which alters the 
completeness function as we deal with main sequence stars 
with a colour of up to B — V = 1.5 mag 



pecially in the region of NGC 2194, in which the stellar density 
is considerably higher than for NGC 1960. 

Several objects remained far red- or bluewards of the lower 
part of the main sequence after statistical field star subtraction. 
We assume that this results from the imperfect statistics of the 
sample. For a formal elimination of these stars we had to de- 
fine a region of the CMD outside of which all objects can be 
considered to be non-members. This was achieved by shifting 
the fitted isochrones by two times the errors listed in Table [l] in 
V and B — V to the lower left and the upper right in the CMD 
(Since this procedure applies only to stars within the range of 
the statistical field star subtraction, we used the errors given for 
the faint stars in our photometry.). To take into account proba- 
ble double or multiple stars we added another 0.75 mag to the 
shift to the upper right, and for NGC 2194 we allowed another 
A(B — V) — 0.2 mag in the same direction as a consequence 
of the probably higher photometric errors due to crowding in 
the central part of the cluster. All stars outside the corridor de- 
fined in this way are not taken into account for our further con- 
siderations. The shifted isochrones are plotted as dotted lines 
in Figs. 10 and |l4{, re spectively. It may be remarked that ac- 
cording to Iben (1965) we can exclude objects with a distance 



of several magnitudes in V or a few tenths of magnitudes in 
B — V from the isochrone to be pre-main sequence members 
of neither NGC 1 960 nor NGC 2 1 94. 

We furthermore selected all objects below the turn-off point 
of the isochrones. For the remaining stars, we calculated their 
initial masses on the base of their V magnitudes. We used the 
mass-luminosity relation provided with the isochrone data. V 
was preferred for this purpose as the photometric errors are 
smaller in V compared to the corresponding B magnitudes. 



The mass-luminosity relation was approximated using 6 
der polynomials 



th 



or- 



6 

m[M ] =J2 ^ -(V [mag]) 1 

i=0 



Table 6. Parameters of the polynomial approximation of the 
mass-luminosity relation for the stars of the two clusters. See 
Eq. (n) for the definition of (ao, . . . ,ae) 





NGC 1960 


NGC 2 194 




-3.0892- 10 +2 


+1.267M0+* 


ai 


+1.466M0+ 2 


-3.5052- 10 +1 


0.1 


-2.6277- 10 +1 


+4.3076-10° 


az 


+2.3780-10° 


-2.9135-10" 1 


0.4 


-1.167M0 -1 


+1.1218-10" 2 


a 5 


+2.9728- 10 -3 


-2.3033-10" 4 


«6 


-3.0881-10" 5 


+1.9556-10 -6 



(6) 



which resulted in an rms error of less than 0.01. Using 5^ or 
lower order polynomials caused higher deviations especially in 
the low mass range. The values of the parameters a\ are listed 
in Table |[ 

Taking into account the incompleteness of the data, we de- 
termined the luminosity and initial mass functions of the two 
clusters. The IMF slope was computed with a maximum like- 
lihood technique. We preferred this method instead of the "tra- 
ditional" way of a least square fit of the mass function to a his- 
togram, because those histogram fits are not invariant to size 
and location of the bins: Experiments with shifting the loca- 
tion and size of the bins resulted in differences of the exponent 
of more than AT = 0.2. Fig. | shows the results of such an 
experiment with the NGC 1960 data. The fitted IMFs show an 
average T value of around —1.2 with individual slopes rang- 
ing from —1.1 down to —1.4. This can be explained by the 
very small number of stars in the higher mass bins which con- 
tain only between one and ten stars. In case only one member is 
mis-interpreted as a non-member or vice versa, the correspond- 
ing bin height might be affected by up to A log N(m) = 0.3 in 
the worst case which will heavily alter the corresponding IMF 
slope. In addition, all bins of the histogram obtain the same 
weight in the standard least square fit, no matter how many 
stars are included. For very populous or older objects (globular 
or older open star clusters, see, e.g., the IMF of NGC 2194) this 
effect plays a minor role, because in these cases the number 
of stars per bin is much higher. On the other hand, the maxi- 
mum likelihood method does not lose information (as is done 
by binning), and each star obtains the same weight in the IMF 
computation. 

Nevertheless, for reasons of illustration we sketch the IMF 
of our two clusters with an underlying histogram in Figs. [I| 
and@ 

3. NGC 1960 

3.1. Proper motion study 

With the method described above, we determined the proper 
motions of 1,190 stars within the entire field of the photo- 
graphic plates. We found that the limiting magnitude of the sec- 
ond epoch plates is brighter than that of the first epoch plates. 
This effect is compensated by the addition of the CCD data, 
so that in the cluster region we reach fainter stars than in the 
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Fig. 6. Results of an experiment with part of the NGC 1960 
data. We computed histograms with an equal bin width of 
A log m[M Q ] =0.1 (as in Fig. |l2|), but varying location of 
the bins, expressed by the log m value of the left corner of the 
leftmost bin. This diagram shows the resulting IMF slope V and 
the corresponding error of the fit 



outer region of the field. Therefore, the limiting magnitude of 
the proper motion study is fainter in the area for which the CCD 
data were available. 

After four iterations of proper motion determination, the 
comparison of the computed proper motions with ACT led to 
systematic positional differences of the order of Aa = 0'.'04 
and A<5 = O'.'IO and for the proper motions of around 0.4 mas 
yr -1 . The internal dispersion of the proper motions was com- 
puted from the deviations of the positions from a linear fit 
of a and 8 as functions of time. We derived mean values of 
c^ic cos s = 1-1 nias yr -1 and a^ 6 = 0.9 mas yr -1 for individ- 
ual stars. 

We detected a slight, but systematic slope of the proper mo- 
tions in 6 depending on the magnitude of the stars resulting in a 
difference of approximately 2 mas yr~ 1 for the proper motions 
between the brightest and faintest members. As the magnitude 
range of the ACT catalogue within our field of view is limited 
to approximately 1 1 mag, we used the positions provided by 
the Guide Star Catalog (GSC) Version 1.2 (Roser et al. |1998[), 



which covers stars over the entire range of our proper motion 
study, for further analysis. The disadvantage of GSC is the fact 
that it does not provide proper motions. Therefore, all results 
obtained with this catalogue are relative proper motions only. 
Fig. [7] shows the proper motions in 8 and their dependence on 
the magnitudes derived from this computation for the stars in 
the inner region of the photographic plates. The diagram shows 
that only the stars brighter than 10.5 mag are influenced by a 



clear magnitude term leading to deviations of up to 2 mas yr -1 
with respect to the stars fainter than 10.5 mag which do not 
show any systematic trend. We included a magnitude term into 
our transformation model, however, since the behaviour is not 
linear with magnitudes and different from plate to plate we 
were unable to completely eliminate the effect. Furthermore, 
taking into account that many of the ACT stars are brighter 
than 10.5 mag, it is clear that this deviation was extrapolated 
over the entire range of the proper motion study. 



Meurers ( 1958 ), who had used the same first epoch mate- 
rial for his proper motion study, found a similar phenomenon 
and suggested that the bright and the faint stars in the region of 
NGC 1960 form independent stellar "aggregates". In his study 
the proper motion difference between bright and faint stars is 
much more prominent. Taking into account his smaller epoch 
difference of 36 years this could be explained assuming that the 
effect is caused by (at least some of) the first epoch plates on 
which the positions of the brighter stars seem to be displaced 
by an amount of approximately 0.1" to 0.2" compared to the 
fainter objects, whereas both his and our second epoch data are 
unaffected. This proposition would also explain why we did 
not detect this inaccuracy during the determination of the posi- 
tions on the plates, since the uncertainties of single positional 
measurements are of the same order of magnitude. 

The proper motions in a proved to be unaffected by this 
phenomenon. 

We found that when using the ACT based proper motions, 
the membership determination is not affected by this problem, 
since the magnitude trend in /ig is smoothed over the magnitude 
range (in comparison with Fig. 0). On the other hand, in the 
GSC solution, the bright stars have proper motions differing too 
much from the average so that almost all of them are declared 
non-members. Therefore we used the results based on the ACT 
data for the computation of the membership probabilities. Table 
shows a list of all proper motions determined on the base of 
the ACT catalogue. 

The vector point plot diagram as determined on the base of 
ACT for the stars in the central region of the plates is presented 
in Fig. [| Membership determination resulted in 178 members 
and 226 non-members of NGC 1960. The distribution of mem- 
bership probabilities sketched in Fig. ^| shows a clear separa- 
tion of members and non-members with only a small number 
of stars with intermediate membership probabilities. The cen- 
tre of the proper motion distribution of the cluster members in 
the vector point plot diagram is determined to be 



fi a cos S — 3.2 ±1.1 mas yr 1 and 
Us = -9.8 ±0.9 mas yr -1 . 



(7) 
(8) 



The width of the Gaussian distribution of the proper motions is 
around 1 mas yr -1 and hence the same as the la error of the 
proper motion of a single object. The field moves very similarly 
with 



/i Q cos S — 4.4 ± 5 mas yr 1 and 
fig = — 11.4 ± 5 mas yr -1 . 



(9) 
(10) 
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Fig. 7. Dependence of the proper motions in S on the magnitude 
for the stars in the field of NGC 1960. The diagram shows a 
clear magnitude term for the stars brighter than 10.5 mag. Note 
that these proper motions were computed on the basis of GSC 
1 .2 so that we deal with relative proper motions here. The solid 
line sketches the mean proper motion for the cluster member 
stars. See the text for further discussion 



The similarity of field and cluster proper motions makes mem- 
bership determination a difficult task: Several field stars which 
by chance have the same proper motion as the cluster stars will 
be taken for members. 

These results cannot be used for a determination of the ab- 
solute proper motion of the cluster, since the centre of the dis- 
tribution can be assumed to be displaced upwards in the vector 
point plot diagram as a consequence of the magnitude depen- 
dence of the fis values. To obtain reliable absolute proper mo- 
tions, nevertheless, we used the fainter (> 10.5 mag) part of 
the proper motions computed on the base of GSC 1 .2 which 
are stable with magnitudes and compared their relative proper 
motions with the values given for the corresponding stars in the 
ACT. We found a difference of A(/x Q cos 5) = 1.4 ± 2.6 and 
A/15 = —6.5 ± 2.4 and centres of the GSC based proper mo- 
tion distributions of /i Q cos 6 = 1.5±0.7 and /ig = — 1.5±0.7. 
As a consequence we determined the absolute proper motions 
of NGC 1960 to be 



/to 



cos 5 = 2.9 ± 2.7 mas yr 1 and 
fig = — 8.0 ± 2.5 mas yr -1 . 



(11) 
(12) 



As expected, the value of the proper motion in right ascen- 
sion is — compared to Eq. — unaffected within the errors, 
whereas (j,g is different from the value of Eq. (|j) by a value 
which corresponds to the 2a error of [ig. 



Fig. 8. Vector point plot diagram of the stars in the region of 
NGC 1960. The stars with a membership probability of less 
than 0.8 are indicated by small, the others by larger dots. The 
width of the distribution of the stars with a high membership 
probability is of the order of 1 masyr^ 1 which coincides with 
the standard deviation of the proper motion of a single star 




Fig. 9. Histograms of the membership probabilities for the 
stars of NGC 1960 (upper diagram) and NGC 2 194 (lower 
diagram). All stars with membership probabilities of 0.8 or 
higher are considered cluster members. Note that the separa- 
tion between members and non-members is less prominent for 
NGC 2194 than for NGC 1960 
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Table 7. List of all stellar proper motions determined from 
the photographic plates and the additional CCD images of 
NGC 1960. The positions are given for the epoch 1950.0 in the 
equinox J2000.0 coordinate stystem. The stellar id numbers are 
the same as in Table ^| Again, the stellar numbers from Boden 
(1951) are listed in addition. Only the proper motions of the 
same stars as in Table ^ are presented here, the complete table 
is available online at the CDS archive in Strasbourg 



No. 


Boden 


Q2000 


^2000 


fi a cos 8 


fJ-6 




No. 


[hhmmss.sss] 


r ' "i 


[mas yr 




1 




053615.805 


+340836.81 


+2.29 


-7.78 


2 


23 


053623.059 


+341032.84 


+2.28 


-8.46 


3 


138 


053639.262 


+340349.88 


+2.33 


-9.55 


4 


101 


053642.305 


+341206.09 


+3.83 


-8.43 


5 


61 


053632.004 


+341047.44 


+2.36 


-8.59 


8 


27 


053628.031 


+340830.78 


+3.36 


-8.02 


9 


48 


053607.902 


+340850.53 


+1.16 


-8.36 


10 


21 


053621.062 


+341016.91 


+2.46 


-8.35 


11 


38 


053623.844 


+340557.38 


+2.45 


-8.61 


12 


184 


053546.469 


+340317.47 


-5.30 


-6.61 




B-V mag 



3.2. Colour magnitude diagram properties 

The CMD of NGC 1960 (Fig. |l0|) shows a clear and nar- 
row main sequence with an indication of a second main se- 
quence including approximately 15 stars from V = 11.5 mag 
to V = 14 mag (corresponding to masses from m w 3.5M Q to 
m w 1.4M ). These stars might be Be stars (see, e .g., Zo rec & 
Briot 1991 ) or unresolved bin aries ( see, e.g., Abt 1979 or the 



discussion in Sagar & Richtler 1991) 



Slettebak (1985) reports on two Be stars in NGC 1960. 



One of them, our star 1374 (Boden's ( |1951| ) star No. 505, er- 
roneously named No. 504 by Slettebak), clearly fails to fulfil 
our membership criterion with a proper motion of p a cos 6 = 
—0.7 mas yr -1 and p$ — —0.3 mas yr -1 . In addition, it is lo- 
cated so far off the centre of the cluster that it is even outside 
the field of our CCD images. On the other hand, star 4 (Boden's 

9.050 mag, B - V = 0.106 mag) 
shows a proper motion of p a cos (5 = 3.9 mas yr -1 and p$ = 



(|1951|) star No. 101, V 

1 which makes it a very likely cluster member 



—o.o mas yr 

with a membership probability of 0.95. In Fig. [T(^, this object 
is marked with a circle. A third Be star in th e regio n is men- 
tioned in the WEBDA database (Mermilliod |1999[ ): Boden's 
( 1951 ) star No. 27, or our star 8. We obtained a proper motion 
of p a cosS — 3.36 mas yr -1 , p,g = —8.02 mas yr -1 . From 
these figures we computed a membership probability of 0.89 
so that this star is a likely cluster member. We marked this ob- 
ject in Fig. [l(] with a cross. As there is no evidence for any 
further Be stars, it is plausible to assume that the other stars 
forming the second main sequence most likely are unresolved 
binary stars. 

The star at V — 11.3 mag, B — V = 0.46 mag (star 
29 of our sample, marked with a triangle in Fig. 10) does 
not fit to any isochrone which properly represents the other 



Fig. 10. Colour magnitude diagram of all members of 
NGC 1960 as determined with the proper motions (V < 
14 mag) and statistical field star subtraction {V > 14 mag). 
The dashed line stands for the borderline between the two 
methods of membership determination; the dotted lines indi- 
cate the corridor conta inin g the main sequence for the IMF 
computation (see Sect. 2.5 for details). The parameters of the 
isochrone plotted in the diagram are listed in Table ||. The three 
stars marked with special symbols are discussed in Sect. 3.2 



stars in this magnitude range. It shows a proper motion of 
p a cos S — 2.9 mas yr" 1 and /is — — 9.7 mas yr -1 resulting 
in a membership probability of 0.97. This object may be an ex- 
ample for a star which coincidentally shows the same proper 
motion as the cluster, but being in fact a non-member. 

From our isochrone fit, we derived the parameters given 
in Table || Age determination was quite a difficult task for 
NGC 1960, as there are no significantly evolved (red) stars 
present in the CMD. We found that the 16 Myr isochrone might 
be the optimal one, since it represents the brightest stars better 
than the (in terms of ages) neighbouring isochrones. The com- 
parably large error we adopted reflects this consideration. 

3.3. Initial mass function 

The determination of the IMF slope from the completeness 
corrected data obtained from the CMD (Fig. [!(]) leads to the 
value of T = -1.23 ± 0.17 for NGC 1960 in a mass interval 
from to = 9.4M© down to m = 0.725M© (corresponding to 
V = 8.9 mag to V — 19 mag). This restriction was chosen to 
guarantee a completeness of the photometry of at least 60 %. 
To test the stability of the IMF concerning the probable double 
star nature of several objects, we assumed the stars above the 
brighter part of the main sequence (a total of 18 objects) to be 
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Table 8. Parameters of NGC 1960 and NGC 2 194 as derived 
from isochrone fitting to the colour magnitude diagram 

NGC 1960 



distance modulus 




-M) = 


10.6 ± 0.2 mag 


i.e. distance 




r = 


1318 ± 120 pc 


reddening 




Eb-v = 


0.25 ± 0.02 mag 


age 




t = 


16l"g° Myr 


i.e. 




\ogt = 


7.2 ± 0.2 


metallicity 




Z = 


0.02 


NGC 2 194 


distance modulus 


(m 


-M) = 


12.3 ± 0.2 mag 


i.e. distance 




r = 


2884 ± 270 pc 


reddening 




Eb-v = 


0.45 ± 0.02 mag 


age 




t = 


550 ± 50 Myr 


i.e. 




logt = 


8.74 ±0.05 


metallicity 




Z = 


0.02 



unresolved binary stars with a mass ratio of 1 and computed 
the IMF of this modified sample, as well. The slope increased 
to the value of V = —1.19 ± 0.17 within the same mass range, 
representing a slightly shallower IMF. Anyway, the influence 
of a binary main sequence is negligible within the errors. We 
also experimented with leaving out the magnitude range criti- 
cal for membership determination (see Sect. 3T and Fig. 0), i.e. 
the stars brighter than V = 10.5 mag (to > 5.75A/ ), and de- 
rived r = —1.26 ± 0.2 — a result which coincides well within 
the errors with the above ones. This shows once more that the 
membership determination — and therefore the IMF — was al- 
most not affected by the magnitude term of our proper motion 
study. Fig. K% sketches the IMF of NGC 1960. 



4. NGC 2194 

4.1. Proper motion study 

For stars brighter than V = 9 mag, some of the plates of NGC 
2194 showed a systematic shift of the computed 6 positions 
with respect to the ACT values. We therefore excluded all those 
stars from our input catalogue. However, this effect — which 
is different from the one described before for NGC 1960, since 
it perceptibly affects the positions — does not influence our 
membership determination as the region of NGC 2194 does not 
cover any stars of this brightness (see also Table [|). 

Proper motions of 2,233 stars could be computed from the 
plates of NGC 2194. This figure is significantly higher than for 
NGC 1960, since this time the second epoch plates are of much 
higher quality, so that we reach fainter stars over the entire 
1.6° x 1.6° field. After four iterations of our proper motion 
determination, the systematic difference between ACT and our 
results were 0'.'07 for the positions and 0.07 mas yr _1 for the 
proper motions. The standard deviation of the proper motions 
were (T AlQ cos a = 1.6 mas yr -1 and = 1.5 mas yr -1 . The 
vector point plot diagram (Fig. |l3|) of the stars in the region 
of NGC 2 194 shows that the stars are not as highly concen- 
trated in the centre of the distribution of the cluster stars as for 




12 13 14 
V [mag] 



Fig. 11. Luminosity function of NGC 1960. The solid line 
stands for the completeness corrected data, the dotted line for 
the uncorrected values. The rightmost bin almost reaches the 
limit of our photometric study so that it cannot be taken for 
reliable 



NGC 1960. This also explains the less distinct peak for high 
membership probabilities in the histogram shown in Fig. ||. 

Although one finds more stars on the whole plates, in the 
inner region the proper motions of fewer objects were detected. 
This is caused by the lower number of sufficiently bright stars 
in and around the cluster (see Figs. ^ and Q). On the other hand, 
the low part of the main sequence is much more densely popu- 
lated. We will see in Sect, i.2 that the total number of members 



detected is higher for NGC 2194 than for NGC 1960. 

We classified 149 members and 81 non-members. For this 
cluster, the separation between members and non-members was 
even more difficult as can be seen from the membership proba- 
bility histogram plotted in Fig. ^: Approximately 50 stars show 
intermediate membership probabilities between 0.2 and 0.8. 
The result for the absolute proper motion of the cluster is 

S = — 2.3 ± 1.6 mas yr~ 
= 0.2 ±1.5 mas yr" 1 

and for the field 



Pa COS 
M<5 



L and 



(13) 
(14) 



/i Q cos<5 = — 0.4 ± 5.5 mas yr 1 and 
/is = 0.1 ± 5.5 mas yr -1 . 



(15) 
(16) 



The measured standard deviation of the cluster proper motion 
distribution again is the same as was determined for one indi- 
vidual object. 

Table ^ shows a list of all proper motions computed. 
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Table 9. List of all stellar proper motions determined from the 
photographic plates of NGC2194. Besides our internal num- 



0.5 
log(m/M s ) 

Fig. 12. Initial mass function of NGC 1960. The solid his- 
togram corresponds to the completeness corrected values, the 
dotted one to the original data. The IMF slope calculated with a 
maximum likelihood analysis is determined to be T = —1.23 ± 
0.17. The stars with m < 0.725M Q (i.e. log(m/Af ) < 
—0.14) were not taken into account for the slope determina- 
tion as the average completeness for those stars is below 60 %. 
The limits of the IMF line illustrate the mass range under con- 
sideration. The probable binary nature of some objects is not 
taken into account in this plot 



4.2. Colour magnitude diagram properties 

According to the field star subtracted CMD, presented as Fig. 
|l4| , NGC 2194 shows a prominent main sequence with a turn- 
off point near V = 14.5 mag and a sparsely populated red gi- 
ant branch. For this cluster, the proper motion study is not of 
great value for the isochrone fitting process: As the main se- 
quence turn-off is located around V = 14.5 mag, it is clear that 
the bright blue stars either do not belong to the cluster or do 
not help in finding the best isochrone fit because of the ir non - 
standard evolution like blue stragglers (see, e.g., Stryker 1993 ). 
We assume that the presence of the blue bright stars is mainly 
caused by the coincidence of the field and cluster proper mo- 
tion centres which causes a certain number of fields stars to 



be mis-identified as cluster members. As expected in Sect. \.\ 
this effect is more dramatic here than in the case of NGC 1960. 
From the comarison of the isochrones we derived the parame- 
ters for NGC 2194 given in Table g. 

Star No. 38 of our sample was first mentioned by del Rio 



(1980, star 160 therein) who considers this object a field star 
as a consequence of its location in the CMD. For the same 
reas on, bu t with the opposite conclusion, Ahumada & Lapas- 
set (1995) mention this object as a cluster member in their 



bering system, the numbers of delRio's (1980) study are given. 
For more information see Table [7| The complete table is avail- 
able online at the CDS archive in Strasbourg 



No. 


del Rio 


C*2000 


#2000 


/J a COS 5 


(J-s 




No. 


[hhmmss.sss] 


[° "' 1 


[mas yr~ 




1 




061346.145 


+ 124352.43 


-88.08 - 


f 19.39 


2 




061315.582 


+124525.58 


+2.46 


-1.61 


3 




061357.445 


+125258.92 


+9.64 - 


-14.54 


4 


39 


061350.910 


+124736.25 


-0.43 


+1.65 


5 




061318.016 


+ 124113.11 


-4.77 


-1.43 


6 




061403.945 


+ 124446.31 


-1.88 


-2.28 


7 


49 


061348.746 


+ 124823.41 


-4.13 


+5.11 


8 




061342.734 


+ 124158.29 


-0.16 


-2.58 


10 


14 


061341.836 


+124806.10 


-4.12 


+4.38 


11 




061325.805 


+ 124431.25 


+0.92 


-0.08 




/i Q cos <5[mas yr -1 ] 

Fig. 13. Vector point plot diagram of the stars in the region of 
NGC 2194. As in Fig. g, the stars with a membership probabil- 
ity of higher than 0.8 are indicated by large, the others by small 
dots. The single errors are of the order of 1.5 mas yr^ 1 



"Catalogue of blue stragglers in open star clusters". We find 
for this star a proper motion of \i a cos S = 2.5 mas yr -1 and 
[is = —0.1 mas yr^ 1 leading to a membership probability of 
0.34. Therefore, we agree with del Rio and assume star 38 to be 
a field star, too. So far, no further information is known about 
the bright blue stars in Fig. [l4], so that we cannot give any def- 
inite statement about the nature of these objects. 
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Fig. 14. Colour magnitude diagram of all members of 
NGC 2 194 as determined with the proper motions (V < 
15 mag) and the statistical field star subtraction {V > 15 mag). 
For more information see Fig. HQ 



Fig. 15. Luminosity function of NGC 2194. As before, the 
solid line stands for the completeness corrected data, the dot- 
ted line for the uncorrected values. Again, the rightmost bin 
touches the limiting magnitude of our photometry 



4.3. Initial mass function 

The age of NGC 2194 of 550 Myr — together with its distance 
of almost 3 kpc — implies that the range of the observable main 
sequence is very limited. We therefore could compute the IMF 
only over the mass interval from to w IMq (corresponding to 
V » 19 mag) to m « 2.1M Q (or V « 15.0 mag). The slope 
determined is T = —1.33 ± 0.29. The comparably higher error 
is a consequence of the smaller mass interval. 

Comparing the resulting IMF with a histogram (see Fig. 
[To] ), one finds good agreement for three of the four bins (The 
bin width is the same as for NGC 1960). As the completeness 
drops rapidly within the leftmost bin, it has — in total — a high 
uncertainty. However, only stars with masses of to > 1M Q 
(corresponding to a completeness of higher than 60%) were 
taken into consideration for the IMF computation, which is in- 
dicated by the limits of the IMF line in Fig. [T(| 

Note that as a consequence of the age of NGC 2 194, the 
cluster may have encountered dynamical evolution during its 
lifetime, which has to be kept in mind when using th e term 
"initial mass function". However, we follow Scalo's ( 1986 ) 
nomenclature, who uses the expression for intermediate age 
clusters, to discriminate between a mass function based on the 
initial and the present day stellar masses. 



5. Summary and discussion 

With our work we found NGC 1960 to be a young open star 
cluster with an age of 16 Myr. It is located at a distance of 1300 




0.1 0.2 
log(m/M E ) 

Fig. 16. Initial mass function of NGC 2194. The solid his- 
togram corresponds to the completeness corrected values, the 
dotted one to the original data. The IMF slope is determined to 
be r = —1.33 ± 0.29. Note that the slope was determined with 
a maximum likelihood analysis; the histogram is only plotted 
for demonstration. The length of the line illustrates the mass 
interval for which the IMF was computed 
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pc from the Sun. These results confirm the findings of Barkha- 
tova et al. (1985 ) obtained with photographic photometry. 



We derived proper motions of 404 stars in the region of the 
cluster down to 14 mag. 178 of those can be considered mem- 
bers of NGC 1960. Despite the problems with our proper mo- 



tion determination (see Sect. 3.1), we are able to state that our 



results do not support the values given as the absolute proper 



motion of NGC 1960 by Glushkovaet al. (1997) on the base of 



the "Four Million Star Catalog" (Gulyaev & Nesterov 1992): 
They found n$ = —8.2 ± 1 mas yr _1 which is in agreement 
with our study, but fi a cos S — 14.7 ± 1 mas yr _1 which differs 
from our result by more than 10 mas yr _1 . 

Our study of the IMF of NGC 1960 led to a power law with 
a slope of r = —1.23 ± 0.17. This value is very high (i.e. 
the IMF is shallow) compared to other studies, howe ver, it still 
matches the interval for T suggested by Scalo ( 1998 ) for inter- 
mediate mass stars (—2.2 < T < —1.2). 

Although we should stress that we cannot say anything 
about the shape of the IMF in the very low mass range (m -C 
Mq), we do not see any evidence for a flattening of the IMF of 
NGC 1960 below 1M . 

NGC 2194 — with an age of 550 Myr — belongs to the 
intermediate age galactic open star clusters. Our findings from 
the photometric study are in good agreement with the photo- 



graphic RGU photometry published by del Rio (1980) 



As the cluster is located at a distance of almost 3 kpc we 
could only cover its mass spectrum down to IMq. Neverthe- 
less, we were able to determine the IMF on the base of 623 
main sequence stars which led to a slope of T = — 1.33 ± 0.29, 
almost Salpeter's ( 1955[ ) value, but still close to the shallow end 
of the interval given by Scalo (1998). 



In our previous paper (Sanner et al. |1999| ), we studied the 
open star cluster NGC 581 (M103) for which we found the 
same age of 16 ± 4 Myr as for NGC 1960, but a much steeper 
IMF slope of T = -1.80 ± 0.19. We therefore can state that 
our method of IMF determination does not systematically lead 
to steep or shallow mass functions. 

With our yet very small sample, it is not possible to find ev- 
idence for the dependence of the IMF of open star clusters on 
any parameter of the cluster. Therefore, we will have to inves- 
tigate further clusters and also compare our results with other 
studies. 
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